The genetic relatedness of two types of equine herpesviruses (EHVs), 1 (EHV-1) and 3 (EHV-3), was determined by DNA-DNA reassociation kinetics. Denatured, labeled viral DNA probe was allowed to reassociate in the presence or absence of the second unlabeled viral DNA. The initial rate of reassociation of either labeled viral DNA was increased by the presence of the heterologous viral DNA to an extent indicating only 2 to 5% homology between the two EHV genomes. Moreover, labeled RNA extracted from EHV-3-infected cells hybridized to filter-immobilized EHV-1 DNA only 2 to 3% as efficiently as to the homologous EHV-3 DNA. These results demonstrate that the genital (EHV-3) and nongenital (EHV-1) types of EHVs exhibit very little genetic homology.
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Two types of herpesviruses are associated with disease in horses. Equine herpesvirus type 1 (EHV-1; equine abortion virus) has long been recognized as the etiological agent of a respiratory and abortigenic disease of horses (5) . Recently, a second species of EHV, EHV type 3 (EHV-3), has been identified as the cause of a venereally transmitted progenital disease of horses (6) . Although EHV-1 and EHV-3 are morphologically indistinguishable and share many common biochemical and structural features of intracellular development (2, 18, 25), they differ widely in a number of biological, physicochemical, and immunological properties. Whereas EHV-1 strains have been isolated from aborted equine fetuses, EHV-3 is non-abortigenic for horses (5) . In cell cultures, the two types of EHVs have been found to differ in their ability to multiply in cells of certain species: EHV-1 exhibits a wide in vitro host range, whereas EHV-3 replication is restricted to cells of equine origin (6, 18) . EHV-1 and EHV-3 DNA species have widely different buoyant densities of 1.716 and 1.725 g/cm3, corresponding to 57 and 66 mol% guanine plus cytosine, respectively (15, 23) . Moreover, EHV-3 is not neutralized by antiserum against EHV-1, indicating the presence of unique neutralizing antigens, and also exhibits a more rapid replicative cycle than does EHV-1 (1, 5, 18).
The purpose of the studies described in this paper was to measure the extent of genetic relatedness between the genomes of EHV-1 and Reassociation of labeled viral DNA was monitored by hydroxyapatite (Bio-Gel HTP, Bio-Rad Laboratories, Richmond, Calif.) chromatography at 600C, as described in detail by Sharp et al. (22) . The DNA eluting from the column at 0.14 M phosphate (ssDNA) or 0.4 M phosphate buffer (pH 6.8) (double-stranded [ds] DNA) was precipitated with trichloroacetic acid, collected on nitrocellulose membrane filters (type HAWP; Millipore Corp.), and counted by liquid scintillation spectroscopy (21) . A total of 3% of ssDNA adsorbed to the column in 0.14 M phosphate buffer, the fraction of ss-and dsDNA observed during the renaturation was corrected accordingly.
The hybridization results were plotted by the linear transformation method of Wetmur and Davidson (28) , with the time interval of hybridization as the independent variable and the reciprocal of the fraction of DNA remaining single stranded as the dependent variable; the method of least squares was used to determine the slopes of the plotted data. 
RESULTS

Design of the hybridization experiments.
The strategy of these kinetic hybridization tests was to allow a small amount of denatured, radioactive viral "probe" DNA to reassociate in the presence of the unlabeled second viral DNA (test hybridization) or in the presence of identical concentrations of unrelated DNAs (control hybridizations). Because the rate of reassociation of any nucleotide sequence is proportional to its concentration in the hybridization mixture, homologous sequences present in the unlabeled test DNA will increase the reassociation rate of the labeled probe.
As described by Britten Fidelity, sensitivity, and specificity of probe DNAs. The efficacy and sensitivity of the labeled viral DNAs as hybridization probes were tested by reconstruction experiments consisting of mixtures of probe DNA and sufficient unlabeled homologous viral DNA to yield totalto-probe DNA ratios (n values) of 1, 2, 4, and 10. The results (Fig. 1) demonstrated that renaturation of the probe DNAs followed second-order kinetics, indicating an absence of detectable reiterated sequences. Furthermore, addition of a 2-, 4-, or 10-fold excess of unlabeled homologous viral DNA resulted in a 2-, 4-, or 10-fold acceleration, respectively, of the rate of probe reassociation. Viral DNA chemically iodinated in vitro with Na"'I reassociated with the same kinetics as did DNA labeled in cell culture with [3Hithymidine (data not shown). We conclude on the basis of these experiments that both EHV DNA probes were adequate for kinetic hybridization tests.
DNA-DNA hybridization. (Fig. 2) . The initial rate of EHV-1 probe reassociation was higher in the presence of EHV-3 DNA than in the presence of the control DNAs, indicating that EHV-3 contained sequences homologous to EHV-1 DNA. Moreover, in the presence of the control DNAs, EHV-1 DNA reannealed with second-order kinetics; however, in the presence of EHV-3 DNA, the experimental points for EHV-1 probe reassociation no longer fell on a straight line but, instead, fit a biphasic curve. Thus, the addition of the unlabeled second viral DNA (EHV-3) to the hybridization reaction increased the concentration of sequences homologous to only a restricted portion of the probe DNA, indicating that only a fraction of the EHV-1 probe sequences were present in the test DNA. Additionally, the fact that the presence of a 100-fold excess of the unlabeled EHV-3 DNA caused only a very small increase in the initial rate of probe reassociation suggested that the fraction of shared sequences between the two herpesvirus genomes was quite small. The second series of experiments consisted of reassociation of EHV-3 [3H]DNA in the presence or absence of unlabeled EHV-1 DNA (Fig.  3) . Again, the presence of the unlabeled test DNA (EHV-1) in the hybridization mixture resulted in a deviation from second-order kinetics (biphasic curve) and an increase in the initial rate of reassociation of EHV-3 probe DNA. The results indicated that EHV-1 DNA contained sequences homologous to only a fraction of the EHV-3 genome.
Computation of homology between EHV-1 and EHV-3. Fujinaga et al. (10) probe DNA in the presence (A) and in the absence (Ao) of the unlabeled DNA, together with the ratio of test to probe DNA (n), can then be used to calculate the fraction of sequences shared by the two viral genomes (x/f) from the following relationship (10) 
(equation 2). Using equation 2, the fraction of nucleotide sequences shared between EHV-1 and EHV-3 molecules has been computed in Table 1 . It can be seen that the two herpesviruses share only 2 to 5% of their genome sequences.
DNA-RNA hybridization. To determine whether the small amount of homology between EHV-1 and EHV-3 could be detected also at the level of viral RNA, labeled RNA from EHVinfected KyED cells was tested for its ability to hybridize with the heterologous viral DNA. The results, illustrated in Fig. 5 , demonstrate a degree of cross-hybridization (2 to 3% of control hybridization) commensurate with the small amount of homology found between the two viral genomes by DNA-DNA reassociation kinetics. DISCUSSION The technique of nucleic acid hybridization has become a popular and highly sensitive tool for the analysis of evolutionary relationships between different types of herpesviruses. From 40 to 70% homology has been observed between the genital and nongenital types of herpes simplex virus (13, 16, 26) . Evidence has also been presented that the herpesvirus isolated from a progenital disease of cattle is identical to infectious bovine rhinotracheitis virus (27) strated by detection of cross-hybridization between 3H-labeled RNA from EHV-infected cells and the heterologous viral DNA. The virtual lack of homology between the two types of EHVs is reflected also in their widely different phenotypic characteristics: their host range in vitro and in vivo (6, 18) , the enzymes they specify (3; unpublished observations), their protein and antigenic composition (4, 25; unpublished observations), and their pathogenic manifestations (5, 6, 25) .
It is tempting to speculate that the genital and nongenital types of EHVs, if they evolved from a common ancestor, have undergone such divergent evolution that they are now only distantly related, to an extent that they share less than 5% of their genome sequences. However, the alternative view cannot be excluded that EHV-1 and EHV-3 originated from different progenitor viruses, a mechanism that has been proposed to account for the existence within the same species of two or more unrelated herpesviruses (17) .
